Improved payload ratio more than compensates for the drag penalty associated with the low density of liquid hydrogen for supersonic airliner operation, if this factor is included at the conceptual design stage. With rising costs of hydrocarbon fuels, and carbon emissions, and the dramatic changes in the demographics and economics of global demand for longdistance air travel, supersonic hydrogen-fueled airliners are becoming viable. Conservative arguments suggest that with a suitable cruise Mach number and altitude, hydrogen-fueled airliners can achieve seat-mile costs. The fleet size and number of routes are much larger than those projected in the 1980s when the market was restricted to western hemisphere transoceanic executive travel. Radically different configurations may be appropriate. Estimation of cruise wave drag is a crucial but cumbersome step in the conceptual design iteration for such configurations. A convenient alternative is sought for wave drag optimization, by integrating popular computer-aided design software with the drag estimation process. As a first step the paper uses Mach cone intersections rather than the classical technique of integrating over flat planes at different orientations. This method is validated against classical results for non-lifting bodies and then against wing-body configurations, and shown to yield accuracies similar to those of the classical flat Mach plane method, with substantially lower cost and effort.
I. Introduction
The primary technical problem considered in this paper is that of quickly and efficiently iterating on a supersonic airliner configuration at the conceptual design stage, to minimize wave drag. We assume that the eventual configurations of interest are intricately blended wing-bodies with airframe-propulsion integration.
For later stages of design, advanced tools integrating computational fluid dynamics with compressible turbulent boundary layers and shock-boundary layer interactions and aeroelastic deformations will be needed, implying high cost and therefore a high barrier to innovation. Wave drag estimation is one of the key features that are specific to high-speed airliners, and poses a surprisingly high implementation barrier at the conceptual design stage. The high barrier can be attributed partly to the paucity of experience in contemporary engineering curricula on this issue, and partly to the fact that the basic methods here have not changed much since the 1930s when they were invented. Recent efforts have gone primarily in the direction of incorporating complex computational fluid dynamics codes, rather than towards simple and intuitive designer-in-the-loop iterative tools. The choice of the cumbersome techniques appears to have been driven by the level of difficulty involved in using the drafting and graphical design tools that were available in the 1930s through 1950s. A convenient but well-validated technique to estimate wave drag, closely and intuitively tied to the common graphical design tools that are available to most aerospace engineering students and professionals, would open up innovation towards the next generation of supersonic airliners. The idea pursued in this paper is to use such a commonly available commercial computer-aided design software package to perform quick iteration of the geometry, and directly use the features of this software to calculate the intersected areas of complex surfaces, and their projections on a specified plane. The paper seeks to show that the results are sufficiently reliable and accurate in comparison to traditional, well-understood, analytical methods, and then to illustrate and exercise this technique in refining the drag estimate of a hydrogen-fuelled supersonic configuration where the body volume drag is expected to be a major issue.
The work reported here started with a study in the mid-2000s, trying to understand why the NASAindustry High Speed Civil Transport program did not lead to the eagerly hoped-for salvation from the misery of long, cramped intercontinental transonic flights. The HSCT program was cancelled in 1999. Industry experts in different disciplines each opined that their own part of the design was successful but that other technical areas could not deliver. Others pointed out that there was no objective other than to conduct a study of problems throughout the range from Mach 0 to 25, and the project ended when that study was over. Still others pointed to the airlines' fear that SSTs would pull away the high-paying premium-class passengers who were the airline industry's main profit sources, and hence opined that the investment risk in SSTs was not justifiable. It was a classic case of a concept whose business, technical and environmental cases would not "close" in a viable solution. Shortly thereafter, fossil fuel prices shot up, and put the SST out of consideration. Experts pointed out that the power required for flight scales as the cube of the speed, and so high-speed airline travel costs had gone out of the realm of reality. The first clue that there may be opportunities for innovation came from the final presentation given by NASA on the closure of the HSCT program. The presentation opined that the HSCT program was like a three-legged stool, the 3 legs being technology, environmental compliance, and the market. While the technology and environmental compliance legs were sturdy, the market leg was broken. Accompanying this analogy was a map of the routes that had presumably been considered: they were the trans-Atlantic and trans-Pacific routes touching the coasts of the USA, as befits NASA's charter. One wondered whether the other hemisphere of the world, and the dramatic changes there since the 1980s, had been considered in projecting the market. This led to a series of projects done by our team, trying to understand the demographics and market for supersonic flight, beyond just the VIP business traveler. In Forbes et al 1 we used a simple conceptual design process to compare the per-seat-mile costs of a 5000-statute-mile range, 200-passenger SST between versions fueled by conventional jet fuel (Jet-A) and by liquid hydrogen (LH2). A flight Mach number of 1.4 was chosen to enable flight at a lower altitude with acceptable sonic boom overpressure. The results from Forbes et al 1 are summarized below. Several factors have come into play since the 1980s and 1990s.
1. Expansion and price competition due to deregulation of the US airline industry:
The demand for long-distance travel has grown at a rapid pace, and is still projected to rise sharply, with much of the increase occurring in Asia and Africa.
The opening of viable long-distance routes:
With the opening of air routes over the former Soviet Union and China, polar routes between the northern parts of the eastern and western hemispheres became viable. Hydraulic systems that can survive the very low temperatures above the polar regions appears to have been accepted in routine operations. Similarly, the end of Apartheid and the rise of the South African economy opens viable over-water air routes touching the southern tip of Africa from Asia, western Europe, Australia and the Americas. The rise of modern industry and business interests all over coastal China and southern India has opened several international airports, with enough demand for international travel and primarily over-water routes.
3. Free Trade Agreements, the WTO and the Internet:
Markets around the world have opened up to a degree that was unimaginable in the 1980s. At the same time, the Internet has revolutionized global communications. This has led to explosive growth in international business. Instead of reducing the demand for airline travel, this business growth has had the opposite effect, with a very large growth in temporary assignments and short-term travel between faraway nations. With young, well-edcuated, relatively affluent families moving across nations, there is also a growing demand for older relatives to travel, an undertaking that stresses their health. With the sharply rising purchasing power in Asia, there is a pent-up demand for the older population to see the world. These demographics fundamentally alter the traditional assumption that business executives, diplomats, spies and royalty will be the primary users of SSTs. In fact there may be enough demand to justify airliners in the same class as today's long-distance point-to-point routes. The deteriorating airport experience all over the world due to security concerns and the shift from the hub-and-spoke architecture to the point-to-point architecture, also favor SSTs.
Fuel prices:
The sharp rise in fossil fuel prices, and the projections of Peak Oil, put airlines under increasing stress and have been driving up long-distance economy ticket prices which had stayed constant or depressed for several decades. The drive to reduce carbon emissions, although temporarily on hold due to the economic crisis, puts airlines under even more pressure to reduce the use of hydrocarbon fuels, a demand that they try to meet each year either through outright donations from customers, or through "green" projects that have no lasting impact on the airlines' actual carbon emissions. A switch to hydrogen is the only visible path to achieve a real and permanent reduction in carbon emissions.
Sonic Boom Considerations:
Kulfan 2 shows that Mach 1.4 cruise may offer strong advantages when considered from a system point of view, despite low values of ML/D, the product of the Mach number and the lift-to-drag ratio. Mach 1.4 is enough to reduce trip times for most of today's long-distance routes to very reasonable durations. As seen below, there is a strong advantage to reducing Mach number to 1.4 when using hydrogen fuel. In addition, it has been shown that with typical wind patterns and atmospheric temperature profiles, supersonic flight at Mach 1.4 will rarely produce perceivable sonic booms on the ground, so that even over-ground supersonic flight is not unacceptable any more.
II. Preliminary Sizing and Performance Calculations
A. Simplified Sizing Algorithm Forbes et al 1 described a conceptual design study incorporating the general requirements of flying supersonic, the fuel storage issue, and the performance parameters of supersonic cruise. A 200-passenger aircraft with a range of 5,000 statute miles and a supersonic cruise ISA altitude of 45,000 ft was specified. The general design process was validated by comparison against Concorde numbers 3 . The simple iterative spreadsheet process started with a benchmarked guess of payload fraction, leading to gross weight, and in turn to the wing area for selected wing loading, aspect ratio constrained by span, and then to the drag polar. Engine technology assumed the level of the F-35 Joint Strike Fighter, with its reputed engine thrust-to-weight ratio over 11. Thrust-specific fuel consumption was assumed to be 1.1 per hour, which is only at the level assumed in the NASA HSCT project of the 1990s. The minimum structure fraction needed to build the aircraft was set at 27 percent. Composite structures demonstrated with the Boeing 787 allow this. The choice of a low Mach number of 1.4 eliminated the need to go to specialized materials. The length was limited to 67 m (220 feet). The comfort level was assumed to be that of modern airline business class seats (not first class) in America. It is worth pointing out that the actual seats in the Concorde were smaller and less comfortable by comparison. The added mass cost of liquid hydrogen tanks was taken into account as a percentage of hydrogen mass, from the space launcher fuel tank design practice. As seen from recent single-stage-to-orbit efforts, this number is at the technology leading edge in that field of endeavor.
The fuel mass and volume needed to achieve the range were calculated, and the drag iterated if necessary. If the specified range was achieved with a fuel volume that could be accommodated in the aircraft, and if this still left over 27 percent of the takeoff gross weight to build the structure, the design was considered to close, for the preliminary sizing step. Following verification that a reasonable static stability margin, steady flight envelope, maneuver envelope, and takeoff and landing performance were achieved with the design, the fuel cost per passenger seat-mile was calculated. An empirical factor was taken from airline corporate annual reports, to decide the percentage of total airline costs that were attributable to fuel. The total airline costs include the financing and maintenance of the aircraft as well as all other personnel, equipment and infrastructure costs. This was used then to calculate the ticket price that the airline had to charge in order to break even on the operation of the airliner. Further, the amount of carbon emissions saved by the use of hydrogen was calculated for an assumed annual usage profile of the aircraft, and this in turn led to an estimate of the fleet size that had to be sold before the investment of several billion dollars in development costs could be recouped. This number of airplanes had to be justified based on the number of viable routes and destinations for SSTs. In fact there are a large number of such routes and destinations, as seen from a sample table 1 which is by no means exhaustive. The seat mile cost was then compared, between an airliner operating on standard hydrocarbon jet fuel (Jet A) and on liquid hydrogen (LH2), as a function of the cost per unit mass of liquid hydrogen. This served to illustrate the price points where LH2 SSTs would make sense. Our results 1 showed that the needed price level for LH2 is not far away. The point of this procedure is that carbon cost savings provide a real source of entrepreneurial investment to develop the LH2 SST, apart from government spending and other projections of profit. This is the best counter to the argument that an investment in SSTs is counter-productive given the captive market for transonic airliners.
The above process is extremely simple, but its validity and utility were demonstrated when it was compared by students in Fall 2010 to the detailed procedures laid out in their Senior Aircraft Design courses and in professional-level conceptual design programs. Many who complete these detailed courses are unable to perform the intuitive reasoning that a simple procedure allows. It achieves the simplicity by using experience-based empirical factors instead of detailed models for several aspects that need not be specified in great detail at this stage. Thus the simple procedure can achieve any desired accuracy, depending on the accuracy of the lumped results that constitute the various "benchmarked input" empirical parameters. The major uncertainty in the case of the SST, and the major difference between hydrocarbon-fueled and LH2-fueled versions, is in the drag estimation for a design which may have substantial volume and a limited length. For this aspect there is no source of empirical or benchmarked numbers giving the achievable wave drag coefficient.
B. Supersonic Drag Argument
It is a reasonable assumption that an aircraft Design Bureau will achieve a design drag value very close to the ideal value possible for the given constraints. In other words, the Figure of Merit of the design will be very high, on the order of 0.9, before the design is released for manufacture. Thus it is quite valid to use analytical results for the minimum drag of the configuration at the conceptual design stage.
Classical theory for supersonic aerodynamics shows us that an ideal design will have at most, weak shocks at cruise. There will however be substantial wave drag and skin friction drag. In Ref.
1 the procedure for a transonic or very low supersonic Mach number was illustrated as follows. The volume needed to accommodate the payload and fuel, with wings of reasonable thickness, was obtained for both the Jet-A and LH2 cases. The corresponding Sears Haack shape for minimum wave drag, seen in Figure 3 , was computed. The drag of an actual airliner can be assumed to be close to this ideal. Once the shape was determined, a sanity check of the layout confirmed that the payload, cockpit and fuel could be accommodated. The drag of an actual airliner can be assumed to be close to this ideal. Once the shape was determined, a sanity check of the layout confirmed that the payload, cockpit and fuel could be accommodated. Figure 2 shows that a conventional fuselage/ swept wing configuration (shown in Figure 3 ) can come to within 5 percent root-mean-square error of the Sears-Haack without much trouble. It is safely assumed that actual aircraft designers will be able to smoothen the sharp features.
In supersonic area ruling, 5 the area intersected by conical surfaces with the Mach angle (45.6 degrees or higher for the Mach 1.4 cruise case) is used to smooth out discontinuities that would cause shocks. The distribution differs by a root mean square error of over 57 percent from the Sears-Haack for the transonic, suggesting substantial modification of the wings and redistribution of the fuel into the fuselage.
Some corrections to the above should be considered. The inevitable shock from the nose will cause the relevant Mach number for the fuselage area ruling to be lower than Mach 1.4, thus causing an increase in the Mach cone angle to be used. This would drive the ideal area distribution further towards the Sears-Haack distribution of Figure 2 . Nickolic and Jumper 5 discuss the issues in comparing the results of different predictions with experimental results, and indicate substantial uncertainties, even in the zero-lift wave drag analysis.
Issues and solutions in using liquid hydrogen 4 have been considered elsewhere. Strong arguments against the large-scale use of hydrogen (and therefore against any sustained price drop) have been advanced by West.
6 However, the competing technologies such as battery storage of electricity for transportation cannot be easily applied to aircraft. Maniaci 7 has studied a liquid hydrogen fueled replacement for a Boeing 747-400, holding several structural and aerodynamic features and operational characteristics of the hydrocarbon-fueled aircraft constant. They ruled out fuel storage in wings because of the thickness of insulation that is believed to be required for liquid hydrogen. They found that using liquid hydrogen in a tank placed on top of the fuselage, would result in a slight advantage in overall energy effectiveness. The large advantage to be realized from using liquid hydrogen is that the fuel fraction becomes drastically smaller, and hence the entire aircraft geometry would be reconfigured for a given payload. This was not possible under the conservative constraints of the Maniaci study, which appeared to assume that the aircraft industry would be called upon to do a rapid refit of existing transonic airliners, faced with an essential unavailability of fossil fuel for transportation. On the other hand, it should be noted that the transonic airliner encounters very little wave drag compared to an SST, and hence Maniaci's study poses a warning sign for our conceptual study in suggesting that operational complexities that we have ignored, may pose much bigger penalties than what we assumed. In defence of our approach, we reiterate that our focus is on enabling radically new concepts to be designed, and on approaching the theoretical ideal for wave drag. It is not, at this stage, to come out with a revolutionary new airliner design. 
III. Supersonic Wave Drag Estimation

A. Classical Mach Plane Method
The primary new work in this paper other than compiling a database of viable air routes, is to validate a convenient method for supersonic wave drag estimation and conceptual design iteration. The process for wave drag estimation is cumbersome. We briefly look at the evolution of this process, and then go on to discuss how to integrate a simplified version into the conceptual design process in a manner that is easily usable.
The process is based on Theodore von Karman's method of supersonic sources. The earliest reference to this process is his 1935 presentation in Italy. 8 Whitcomb 9 conducted Schlieren visualizations of the disturbances from wing-bodies in transonic flow. Whitcomb and Sevier 10 analyzed drag of wing-bodies under lifting conditions in supersonic flow, and developed the supersonic version of the Area Rule. Shepard 11 reviewed methods to determine wave drag. Harris 12 analyzed results from a Boeing computer program to calculate wave-drag. This program set out the numerical method of intersecting planes, that appears to have been used in wave-drag computation ever since. From what we can guess, the choice of flat intersecting planes rather than actual Mach cones appears to have been made primarily because of convenience in calculating the intersecting areas and their projections. Jameson 13 discussed wave drag analysis 25 years after the Harris report, and was still using a similar technique. Nikolic and Jumper 5 devised a simplified version of the method, and compared it with computations done using intersecting Mach cones, finding reasonable accuracy for the smooth shapes that are expected to be used for supersonic airliners. However they were interested in complex configurations such as a fighter aircraft that was not optimized for supersonic cruise, and had several sharp corners and other such difficult features.
The traditional methods for supersonic drag estimation involve a computer code, most of which trace their legacy to the code described in Harris.
12 This method calculates the area of the configuration that is intersected by planes inclined at the Mach angle at at a specified "roll" azimuth, θ, passing through a given point along the longitudinal (x) axis of the configuration. The area projected on to the y-z plane is then calculated. The x station is increased in steps, generating a projected area distribution as a function of x for the specified roll azimimuth. An"equivalent body of revolution" (EBR) is generated from this set of projected areas. This EBR shape is then represented by a Fourier series, and the coefficients are used to compute the wave drag of this EBR using von Karman's theory relating the second derivatives of the area Figure 2 . Area distribution of the conventional LH2 configuration, compared to the Sears-Haack minimum wave drag area distribution distribution to wave drag. The roll azimuth is stepped to another value, and another EBR is generated, along with another wave drag value. Continuing this process in steps of θ around the longitudinal axis, a set of EBRs are generated and their wave drag values found. The wave drag is averaged over the values generated from all the different EBRs. In order to improve (i.e., reduce) the drag, the designer compares the averaged EBR to the Sears-Haack or other analytical results (depending on how the jet exhaust is handled, a base area may be specified) and attempts to modify the geometry to approach the ideal.
This process is cumbersome, and from the literature it appears that the process has always been suspect when superposing various components. Of course, where resources permit, computing the total drag using an Euler code coupled to boundary layer calculations, or a full unstructured-mesh Navier Stokes solver would provide much better accuracy, but these are typically not practical at the conceptual design stage where the configuration may go through numerous iterations within a short cycle time. To overcome these difficulties, complicated schemes have been devised in proprietary software by each organization. We submit that these packages require substantial investments to maintain, validate, learn and apply, and are not commonly available; nor do they provide much intuitive insight to the designer to develop and validate radical solutions.
The question posed in this paper is how to develop a simpler procedure where the complexities of geometric calculation are left to a commonly-available computer graphics software package that most engineering students learn in the curriculum, and thus shorten the cycle time in design iteration to the point where radical innovations can be pursued efficiently. Our reasoning is that integrating this process with a commonlyavailable CAD package would greatly accelerate the process of investigating radical solutions to the LH2 SST design problem.
B. Airplane design in Autodesk Inventor
The airplane configuration was designed with the wings being placed first then creating the fuselage to intersect with the wings. The wings were created by importing a list of coordinates for the desired airfoil from Microsoft Excel into Autodesk Inventor. The coordinates were then connected using Inventor's line tool, seen in Figure 4 . The airfoil shape was then lofted to obtain the desired sweep. In the case of the wing-fuselage configuration used for this paper the wing section was lofted twice to create the double sweep desired. This process creates the wing for one side of the fuselage. To get the wing for the other side, one mirrors the wing on a plane half the desired distance of the fuselage at the leading edge of the wing, seen in Figure 5 . To create the fuselage a point was placed at every 5 feet along the desired length of the fuselage on the center axis of the plane. The points were then placed a distance away from the center axis that corresponds to the desired radius of the fuselage at the particular x value. The last step of the initial design process is to connect all the points using the line tool and then rotate them around the center axis to create a circular cross-section at all distances along the center axis for the fuselage. This can be seen in Figure 6 .
If it is desired that the wings should be movable in the configuration iteration process, the first point of the airplane can be attached to the point on the wing where the leading edge meets the fuselage. By changing the length of this line the position of the wings will be changed accordingly. To account for the volume taken by engines the cross-sectional area of the Concorde engines was used. To represent this volume in Inventor two identical boxes with the same cross-sectional area and length of the Concorde's engines were added on the underside of the wings at the location where the engines are called to be placed, as seen in Figure 7 . For the purposes of this paper the volume that would be taken by the vertical tail was accounted in the rear of the fuselage rather than showing a tail, for the sake of simplicity. This will not significantly change the area ruling of the airplane. If it is desired to show the tail in Inventor, a simple sketch would be created on the airplane on the vertical plane passing through the center axis of the design and would then be extruded in both directions to maintain proper symmetry.
To create a Mach cone a triangle with angle η, EQ ( 1), is rotated around the longitudinal axis of the aircraft to create a solid cone in the shape of a Mach cone at the desired Mach number. The triangle must be sufficently large such that its volume completely covers the volume of the design that is desired to be area ruled, example shown in Figure 8 . For the creation of a Mach plane a sketch as seen in Figure( 9) , with the angle corresponding to η, is created. This sketch is then extruded.
C. Wave Drag Estimation Using Mach Planes and Cones in Autodesk Inventor
A body with minimum wave drag for is described by the Sears-Haack body in EQ (2).
Area ruling for Mach 1.4, as seen in Figure 11 was done in Autodesk Inventor for the original SST shape built around the Sears Haack area ruling near Mach 1. The ability of the Inventor software to measure areas of intersection on non flat planes is very limited so to do the area ruling a Mach plane was used to determine The standard method for evaluating the wave drag on a design is doing a lengthy double integral involving the second derivative of area along the x axis of the design. The equation is outlined below in Eq (4).
14
S(X)
Using the method developed above with Autodesk Inventor one can make their design approach the SearsHaack shape iteratively, thus making drag estimation at early projects stages siginificantly easier because Eq (5) can be used to measure the minimum wave drag on the design.
IV. Wave Drag Validation
A. Procedure Using Mach Planes
To show that the iteration process described in the following section was reducing wave drag at each step until minimum wave drag was achieved, two Matlab codes were developed. The first code was made to take a Microsoft Excel spreadsheet file as an input, which contained the areas intersecting the Mach planes along the fuselage and the derivatives of the areas along the center axis, S'(X). The output from this code was the approximate wave drag of the configuration. Robert T. Jones 14 outlines a method of approximating wave drag shown in EQ (6) and Eq (7) . The variable φ is calculated using EQ (8) , where X goes from -l/2 to +l/2, rather than 0 to l as is used in all other instances.
14 For EQ (6) S'(X) is the first derivative of the area along the fuselage of flat plates tangent to the mach cone 
The first MatLab code developed for this paper takes in 5 separate S'(X)sets and creates a 5 by 5 matrix that is used to solve for 5 different coefficeints, A n EQ (9). 
Knowing everything else, Matlab can solve the system for all the values of A n which can then be used to solve EQ (7). The wave drag for each Mach plane is then averaged around the surface of the Mach cone, as shown in EQ (10) .
For the second method a fast fourier transform (FFT) algorithm 15 was used on this set of data points with MatLab in order to obtain the Fourier series coefficients, A n . Each output value pertains to the coefficient of Sin(nφ). These Fourier coefficients were used to compute the wave drag of the body according to EQ (7).
B. Procedure Using Mach Cones
For this paper Mach cones were tested in place of Mach planes. This has the effect of reducing total number of area calculations and reducing the total wave drag equation to be EQ (7). Further, this does not need averaging over values of θ because it is assumed to have already taken the averages into account. The technique of using Mach cone area in place of Mach plane area was also used in a previous wave drag reducing program. 16 Using the Mach cones resulted in a drag estimation that was very close to the predicted values of drag as well as the calculated values from the Mach plane procedure. The Mach plane method is often quicker for preliminary sizing purposes in the area ruling process, giving moderately accurate results with significantly less time spent finding areas. The most useful application of the Mach cone area ruling is as a first step for area ruling a design. When first attempting to area rule a particular design it is quickest to first attempt to obtain a Sears-Haack body using the Mach cone method and then after completing that area ruling, use the traditional Mach plane method, or, realistically, more sophisticated computation methods, to refine the near-optimal configuration.
C. Iteration of design
Prior to iterating the airplane to the Sears-Haack shape, the area distribution was as seen in Figure 11 . The process of iteration involved changing the radius of the fuselage at areas where the cross section was either too large or too small in order to get the desired area distribution. If desired one can also move the placement of the wings in order to get the desired distribution. Iteration 5 was found to be as close as was feasible to the ideal Sears-Haack body. Once the design is deemed to be as close as possible to the Sears Haack body the wave drag can then be assumed to be approximately equal to the wave drag of a Sears Haack body, EQ ( 5). The iteration process is outlined in Figure 13 .
V. Conclusions
This paper showed that it is possible to perform quick and efficient area ruling on preliminary aircraft designs with simple CAD programs, such as Autodesk Inventor. Previous work by the authors has argued using a simple conceptual design comparison that the claimed "hydrogen drag penalty" feared because of the volume required to accommodate liquid hydrogen, is almost non-existent because of the difference in payload fractions and hence the smaller net size of the hydrogen SST. Increases in viable airports and the choice of a lower flight Mach number have opened up many routes, increasing the viability of supersonic fleets. Using Autodesk Inventor it was shown that there are configurations that can be made to accomodate significantly larger volumes of fuel without having the wave drag rise to impossible levels. The method outlined above, using just a CAD program and MatLab, also has excellent potential to quickly check the wave drag of any given aircraft configuration. It allows quick iteration of non-conventional designs to ideal area distributions. Mach cones have been shown to give reasonably accurate wave drag results while being significantly easier and more intuitive to use than the traditional method of averaging the drag of equivalent bodies of revolution generated from Mach planes. By automating the area ruling process within the Inventor operating environment, many more area slices could be computed using Mach cones along the fuselage in minimal time. Summarizing: Figure 7 . boxes representing the volume of supersonic engines 1. In today's world, there exist many more viable airports and supersonic routes than were considered viable twenty years ago 2. There is no "hydrogen drag penalty" in SST designs because of the weight savings 3. A commonly-available CAD program along with simple MatLab codes can estimate wave drag to the accuracy needed at the conceptual design stage to consider radical designs 4. Using Mach cones rather than Mach planes to obtain section areas, gives approximately the same accuracy with much better intuition for the designer, and much less effort 5. Within 5 quick iterations our design converged to the ideal Sears-Haack shape, proving that the process using a simple CAD program allows a designer the ability to make quick changes in geometry and converge to the ideal shape during conceptual design 
